Abstract. One sol-gel method is explored to prepare red, green and blue (RGB) fluorescent dyes co-doped nanoporous silica at low temperature in air. All of the dyes covers blue-emitting 2, 5-bis (5-tert-butyl-2-benzoxazolyl)-thiophene (BBOT), green-emitting Coumarin 152A (Coumarin) and red-emitting Lumogen red R305 (Lumogen), contributing to the photoluminescence(PL) of the hybrid. As a key factor, the molar ratio of reactants TEOS/Dioxane/ H 2 O is 3:12:4 during the sol-gel process. The maximum doping concentration of dyes is the result of dyes dispersing into nanoporous silica, which supported by Infrared Spectroscopy(IR) and X-ray diffraction(XRD)technology. So this sol-gel preparation can enrich the inorganic luminescent materials at a simple style, especially for PL materials or electroluminescent (EL) materials in thin films state.
In general, inorganic luminescent materials are composed of the matrix and the luminescence center. Matrix is usually composed of the following compounds: II-VI, IIB-VIA, IIIA-VA, and luminescence centers of transition metal ions or rare earth ions. Among visible region, inorganic luminescence materials mainly contain CaS: (Ce, Eu and Cu) made by high temperature solid state reaction [1] , ZnO by Molecular beam Epitaxy [2] and Zn 2 SiO 4 :Mn 2+ by solution synthesis technique [3] etc. The above methods are quite harsh because of high-temperature and vacuum, especially for PL films or EL films [2, 3] . So solution method will be the simplest and most effective if luminescence materials with luminescence centers can be obtained at low temperature in the air.
So doping organic fluorescent molecules into inorganic matrix using solution method became the aim we pursued first because organic molecules can act as quantum dots and could be obtained at low temperature. This is ascribed to organic molecules' luminescence prosperity and low melting or boiling point. Such research began in 1984 [4] , until now such researches are rarely prepared successfully because of the polarity limit of characteristic organics during the sol-gel process and co-solvent hard to choose. The smaller is the polarity of organic molecules, the shorter is their PL wavelength [5] . Now organic molecules are mainly concentrated at Rhodamine [6, 7] with greater polarity. In addition, suitable ratio of the reactant is another key factor. Not to mention that a kind of sol-gel process can co-doped multiple fluorescent dyes. Based on BBOT-doped silica and Lumogen-doped silica obtained in our group individually [8, 9] , we synthesized RGB fluorescent dyes co-doped silica and characterized their PL properties and analyzed their interaction. So this provided one method to enrich inorganic luminescent materials. In the end, this kind of hybrid materials application prospects is also analyzed.
Experimental
The raw materials, tetraethyoxysiliane (TEOS), HCl, BBOT, Lumogen (from BASF), Coumarin Dioxane, ethanol, methanol and dimethylformamide were used without further purification. The preparation steps were similar to ref [8] . Dioxane was selected as co-solvent. The molar ratio of TEOS/Dioxane/ H 2 O/HCl was chosen to be 1:4:1.3:0.00144. The RGB dyes co-doped silica sol was obtained by mixing of three dyes doped silica sol alone. The final transparent thin films were obtained after the films were dried in vacuum oven at 50 o C for at least two days. The sample in power for IR and TG-MS measurement can also be obtained by standing and the above heat treatment.
The structures of silica, BBOT-doped silica films with different concentration were analyzed by XRD using Cu Kα radiation from 10 o to 70 o and 60 o to 90 o (D8, Bruker) and their molecular structures in powder were performed by IR (Magna 750). Fluorescence spectra(SPEX fluorolog-3) at room temperature.
Results and discussions
3.1 The preparation process. Co-solvent dioxane was also used as drying control additive. Co-solvent kept the above fluorescent dyes good solubility in the sol-gel process. The latter function decreased the stress of gel capillary ∆P,
(1) where γ is the surface tension, θ is contact angel, and r is the capillary radius. Dioxane evaporated lower than water because its boiling point was higher. Be the same pore size, γ played a more important role to gel capillary. The former γ 35.2 × 10 -3 N/m was lower than 72.8 × 10 -3 N/m of water. So dioxane can decrease the capillary stress compared with other solvents. And reaction molar ratio of 3:12:4 can only be chosen. Otherwise the phase separation appeared during the sol process. 3.2 Interaction between dyes and silica. The maximum doping concentration of RGB dyes reached 6×10-3 M, which is similar to BBOT individually. BBOT had certain crystalline structure and the interaction between doped dyes and silica was inferred by one between BBOT and silica. The characteristic IR peaks of BBOT such as C=C, C-N, C-H (1560 cm -1 , 1340 cm -1 , 2940cm -1 ) without new peaks appeared in specimen, seen in Fig.1 . So weak interaction or no strong interaction existed between BBOT and silica.
XRD of samples was shown in Fig.2 . Clear peaks of 24.5°, 30.6°, 35.6°, 51.1° and 60.4° appeared at 1×10 -2 M BBOT doped silica only. This is a typical hexagonal system pattern for BBOT crystal, PDF83-2470. This suggested that BBOT saturated into silica pores at a high concentration of 10 -2 M. This result was consistent with the phenomenon: snowflake-shaped BBOT appeared in 1×10 -2 M sample after the reaction sol stands for a long time. So it can be concluded that the dyes were caged and dispersed into about 2 nm porous silica (atomic force microscopy without clear picture, but similar to the SEM image [8] ). So three fluorescent dyes doped maximum concentration into silica was the result of uniformly dispersing of fluorescent dyes into the nanoporous silica.
3.3 PL properties of RGB doped silica. PL, N ν − ∆ν , of the RGB fluorescent dyes co-doped silica at 3.0×10 -3 M was shown in Fig.3 . PL was transformed from E λ − ∆λ which obtained by experiments. Meanwhile, N ν stands for photon number per photon frequency v and E λ stands for photon energy per photon wavelength λ. Meanwhile
δ 2 was standard deviation [11] . PL can be decomposed of five peaks obviously by Gaussian function [11] according to that of the constituent dyes: 3.0 eV, 2.8 eV, 2.6 eV (BBOT), 2.45 eV (Coumarin) and 2.0 eV (Lumogen) and the corresponding standard deviations were 0.09, 0.006, 0.03, 0.06, and 0.02. Such small standard deviations showed that the dyes could be co-doped into silica simultaneously and kept their PL properties individually. This revealed it was possible to obtain a variety of PL materials including of white PL materials by co-doped the RGB dyes at a suitable doping ratio. This work is in progress.
Hence, the above RGB fluorescent dyes co-doped silica can be used as luminescent materials and enrich inorganic luminescent materials. Meanwhile the above materials can be used as EL materials.
Conclusions
The RGB fluorescent dyes of Lumogen, Coumarin and BBOT co-doped silica was made by a kind of sol-gel process at low temperature in the air. The key of the method was dioxane for co-solvent and drying control additive, and the ratio of 3:12:4 of TEOS/Dioxane/H 2 O. This work provided a simple method to enrich multiple inorganic PL and EL materials, especially in thin films state.
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